Introduction
Aquilaria spp. are popular tree plantation species in sourcing countries for agarwood, a prized non-wood product that is highly sought-after by the international community. Agarwood is valuable because it has a unique fragrance and consists of many rare compounds. It serves as a raw material in the production of perfumes, Chinese medicines, incense, and many more. As Aquilaria is listed in the Appendix II of CITES-protected species, traders must comply with the trading ethics and declare their agarwood products accordingly under CITES control (CITES 2004) . At present, species identification for agarwood and its products is necessary, according to international law requirements in chainof-custody certification.
However, source-species identification is difficult because conventional techniques such as wood anatomy is not applicable for species-level identification in agarwood (Lim and Awang Anak 2010; Gasson 2011) . While DNA techniques such as DNA barcoding are available, the DNA extracted from processed agarwood products are often of low quality and degraded, causing difficulty in PCR amplification of large DNA fragments and subsequent DNA sequencing (Eurlings and Gravendeel 2005; Jiao et al. 2014) . To overcome the limitation of conventional PCR technique, real-time PCR could come as a useful tool for samples with low quality or degraded DNA contents. The real-time PCR machine consists of a thermal cycler integrated with a fluorescence detection system and an excitation light source, and then further displays Abstract Aquilaria species are well known for their expensive agarwood, which is utilized as it is, or used as ingredients in many consumer products. Species validation in agarwood products is important because agarwood price is source-species-dependent. The best approach to establish species identity depends on DNA, as conventional methods (i.e. through morphology) are unable to tell apart products from different Aquilaria sources. However, genomic DNA from processed agarwood is often under poor condition. To overcome this challenge, we adopted real-time PCR technology coupled with speciesspecific primers derived from single nucleotide polymorphisms (SNPs) in the chloroplast DNA matK and trnLtrnF sequences. We targeted three commercial Aquilaria species: Aquilaria crassna, Aquilaria malaccensis, and Aquilaria sinensis. Dissociation curves and melting points from real-time analysis were found to be distinct across the species tested. In this study, we demonstrate that the realtime PCR-based technique using species-specific primers is capable of differentiating the three major commercial species, i.e. A. crassna, A. malaccensis, and A. sinensis, even when using highly degraded agarwood products as starting material.
recommendations. For 'test' samples, eight agarwood products in the forms of powder and incense from different sources were used (G1-G8, Table 1 ). DNA extraction was done following the method detailed in the study by Jiao et al. 2014 .
Using data from an ongoing study, we aligned the sequences of two candidate plant DNA barcoding regions, the chloroplast DNA matK gene and trnL-trnF intergenic spacer to locate for species-specific SNPs of the three Aquilaria species. We designed the primers by carefully matching the 3′ end of either the forward or the reverse primer to the targeted species-specific SNP. An additional mismatch was introduced at the third inner nucleotide position from the 3′ end to increase the selective amplification power during PCR, as demonstrated by Suharyanto and Shiraishi (2011) . The primers and their approximate amplicon sizes are listed in Table 2 .
Real-time PCR was conducted in triplicate assays and performed in 25 µl total volume of mixture containing 12.5 µl of 2× SensiMix ™ SYBR Low-ROX (Bioline, UK), 0.2 µM of both forward and reverse primer for each primer set and 25 ng of reference sample DNA as template. Reactions were performed on an MX3005P
® QPCR System and analyzed using the MxPRO ™ QPCR software (Agilent Technologies, USA). The initial denaturation step was 95 °C for 10 min, followed by 40 cycles of denaturation at 95 °C for 30 s, annealing at T a (T a : A. malaccensis = 55 °C; A. sinensis = 63 °C; A. crassna = 65 °C) for 1 min, and extension at 72 °C for 1 min. The process continued with 95 °C for 1 min, T a for 30 s, and 95 °C for 30 s. 2 µl of the recorded fluorescence data in form of DNA amplification curve through a software. The main advantage of real-time PCR compared to the conventional PCR assay is that high accurancy and sensitivity is obtained even with minimal starting DNA concentration (Klein 2002; Navarro et al. 2015) . The real-time PCR method has been shown to successfully detect DNA fragments of Aquilaria originating from highly degraded and processed samples, although so far its specificity has been shown to be limited to the genus level (Mohamed et al. 2012) . In this study, we developed SNP-based primers to detect DNA fragments from A. crassna, A. malaccensis, and A. sinensis in agarwood products using real-time PCR. Our technique was able to identify the source-species of agarwood products down to the species level. (Table 1 ). For reference samples, 100 mg of fresh leaf material was used for each DNA extraction using the DNeasy Plant Mini Kit (Qiagen, Germany), following the manufacturer's 
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Result and discussion
Based on real-time PCR analysis, dissociation curves were generated from the reference DNA samples. Species-specific primers produced a distinct dissociation curve and a the total extracted DNA from each test sample was used directly in every real-time PCR reaction. Real-time PCR was also run using the reference sample DNA as template, as positive control and for direct comparison with the test results. Fig. 1 Dissociation curves generated for the three reference species using species-specific primer sets in real-time PCR. a qAM (A. malaccensis), b qAS (A. sinensis), and c qAC (A. crassna). Speciesspecific primers produced a distinct dissociation curve and a single homogeneous melting peak for its target species, while the other nontarget species had either a dissociation curve of a different melting point range, or multiple curves as from a non-target species. G4 and G7 had no reference DNA probably because they do not originate from any of the reference species, or their genomic DNA had been severely degraded. Usually, species-specific primers are used in PCR to amplify a segment of the target species DNA, and the amplicon is subjected to agarose gel electrophoresis. However, it has been shown that regular PCR could not yield PCR products that are observable on agarose gel due to severe sample DNA degradation (Mohamed et al. 2012) . In this study, we showed that real-time PCR could be utilised for species identification when processed wood products are used as the source of DNA. We concluded that a successful detection must comply with two criteria: (1) a dissociation curve that peaked within the reference species range, and (2) the melting point of ±0.5 °C from the reference's range.
While the proposed primer sets in this study do not perfectly identify all species of Aquilaria, they were useful at differentiating the three major commercial species, i.e. A. crassna, A. malaccensis, and A. sinensis. The real-time PCR technique described in this study has a high potential for using in source-species detection from highly degraded DNA samples, thus can be adopted as a tool in the chain-ofcustody of agarwood products. single homogeneous melting peak for its target species, while the other non-target species had either a dissociation curve of a different melting point range, or multiple curves (Fig. 1) . The melting points of the reference samples were in the range of 78.3-79.3 °C for A. malaccensis, 79.3-80.3 °C for A. sinensis, and 82.8-83.8 °C for A. crassna (Table 3) .
When DNA extracted from agarwood product was added as template, multiple peaks were observed in the dissociation curves (Fig. 2) . To justify the presence of the target species DNA in an unknown sample, a single distinct peak that falls within the accepted temperature range of the reference species should be observed, and the melting point range should be ±0.5 °C that of the reference (Bustin et al. 2009 ). Using this as our guideline, analysis on the dissociation curves revealed the sourcespecies of the products (Table 3) . G1 had DNA from all three species, while G6 and G8 had two. Products that were mono-specific were G2 (A. malaccensis), G3 and G5 (A. sinensis) . Several unknowns had dissociation curves of a single distinct peak within the range of the reference species, but not the melting points (G2 amplified with qAS, and G5 and G7 amplified with qAM). A melting point outside the acceptable range may be regarded 
Reference DNA represents known Aquilaria species. Melting point for each single distinct peak that falls within the accepted temperature range of the reference species, which is ±0.5 °C that of the reference were recorded as present, while DNA samples which their peaks do not fall within the accepted temperature range of the reference species will be ignore and treated as absent Table 3 Detection of target peaks and melting points in eight agarwood products (G1-G8) determined from their dissociation curves in real-time PCR Fig. 2 Dissociation curves generated for the eight agarwood products of unknown species and the three known reference species using species-specific primer sets in real-time PCR. a qAM (A. malaccensis), b qAS (A. sinensis), and c qAC (A. crassna). A single distinct peak that falls within the accepted temperature range of the reference species should be observed, and the melting point range should be ±0.5 °C that of the reference. Samples which their peaks do not fall within the accepted temperature range of the reference species will be ignore and treated as absent
